In this article the using of thermosiphon solar collectors for system air heating of premises of passive houses was examined. The research determination the air velocity and air temperature in the space of experimental module were conducted. According to the research the field of temperature and air velocity in the space of the experimental module for different output of thermal solar radiation were built. The main factors that affect the value of speed and temperature of the internal air were identified. It was established that the presence of spiral turbo baffles increases the thermal output of thermosiphon collector to 15%, and the rate of heated flow to 17%
Introduction
Present and future of energy Ukraine is uniquely associated with the use of alternative energy sources. This using of renewable energy allows reducing the use of traditional energy resources. One of the main areas of solar energy, biomass energy and low potential of soil is their attraction to receiving of the heat energy in systems heating, ventilation and hot water. So, scientists of the Department Heat, Gas Supply and Ventilation, Lviv Polytechnic National University have developed and explored several designs of solar collectors and design of biogas plant that allow reducing the use of imported fuel [1] , [2] , [3] , [4] However, in the winter of heat energy from alternative sources, which can be used in heating systems, in temperate conditions is insufficient.
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Pollack Periodica 11, 2016, 2 That is why at present scientists of the department are considering options for combined heating supplies systems, which can simultaneously to use the heat energy from conventional fuels and from alternative sources. For example, pre-heating the outside air at the ground-air heat exchangers of the geothermal ventilation system [5] or using of infrared heaters in the combined systems heating supplies of premises of production buildings are studied [6] . One of the current research areas is the development of heating supplies systems using the thermosiphon solar collector.
Aim of work
Explore the specifics of changing meteorological parameters inside air during work thermosiphon solar collector and the air heating system in a passive house.
Analysis of existing studies
As known, passive houses consume minimum energy for maintaining life support systems of people. Reducing energy consumption is due to the use of several mandatory requirements for the design and location of a passive house. The first requirement in the design is the use of effective insulating materials in the construction of external protections: heat transfer coefficient of external protections shall be not greater than 0.15 W/(m 2 ⋅K). The construction of the windows should have a triple glazing with two low-emission coatings and filling of inert gas, should insulated window frames, heat transfer coefficient of window shall be not greater than 0.8 W/(m 2 ⋅K). During the creating of design and location of the house the architects plan some solutions for reduce energy use [7] . In particular, when designing a passive house compact building should create and the external protections are recommended to orient to the south.
Life support systems include systems of heating, ventilation and hot water. There are also certain requirements for them:
• use of solar energy;
• use of air-to-air heat exchanger in the mechanical ventilation system; • pre-heating of outside air for ventilation system; • use solar energy for heating water.
The use of solar energy in passive house is used for heating of premises. In passive houses there are two types of using of solar energy for premises heating: direct and indirect solar heating [8] . Direct solar heating of passive houses carried out by expense the inflow of receipts solar radiation through the windows, which are located on the south facade. Direct solar heating is considered the easiest way to space heating, which reduces the load on the heating system in the cold season. Therefore, when designing a passive house, orientation of windows to the south and avoidance of shading of the southern facade are importantly.
A Trombe wall and air solar heaters are used for indirect solar heating of premises [9] . A Trombe wall consists of array wall and glass partitions installed at some distance from the outside part of the wall. The wall is made of a material that has a high accumulative ability (concrete, brick, and stone). To increase the efficiency of absorption wall is painted in dark color or is covered by a selective coating. The solar heat coming into the room through the glass partition is flagged to wall and is accumulated in it. At night, an array of walls gives off heat into the room, allowing maintain the internal parameters of indoor air when the sunlight is absent. Availability of Trombe wall impairs natural lighting and not allows adjusts the heat receipts the premises from the wall.
The air solar heaters that are using in indirect solar heating usually work on a thermosiphon principle. The phenomenon of free convection is used. Air solar collectors have a simple design that allows combine them with the construction of the roof. They start work at outdoor temperatures [25] [26] [27] [28] [29] [30] o C that are lower than the temperature for water solar collectors. Air solar collectors should be used in air heating, in which, for reducing capital costs the air ducts are not used. In this case a system of the solar collector is set in the roof of heated premise, and the entrance and exit of air carried out through holes in the bottom of the collector.
For heating premises of passive house the authors developed and patented design of the thermosiphon collector [10] , incision which is shown in Fig. 1 . Fig. 1 . The incision of thermosiphon collector, 1 -lateral wall of corps; 2 -bottom of corps; 3 -layer insulation material; 4 -heat-absorbing plate;
5 -spiral turbo baffles; 6 -metal rod; 7 -light-penetrating plate
The presence of spiral turbo baffles, which were made of black material, and the presence of additional layer of insulation are feature of design thermosiphon collector (Fig. 1) . Spiral turbo baffles curved around the metal rod and can be rotated around it. Availability of spiral turbo baffles allows stirs the air flow and, consequently, increase it speed and heat transfer.
For effectively maintain the necessary microclimate parameters, thermosiphon collector should be used to heat the mansard premises of passive houses. Thus, the solar collector is installed as part of the sloping roof constructions oriented to the south; a bottom of the solar collector at the same time serves as a ceiling of mansard premise (Fig. 2) . This system requires no additional air ducts; it can reduce the cost of heating system.
Thermosiphon solar collector works as follows. The cold internal air enters through the entrance hole in solar collector, moves around heat-absorbing plate and is heated up. At the expense the temperature difference the heated internal air rises to the entrance hole and enters to premises. The spiral turbo baffles that provided for in construction of thermosiphon collector allow intensifying the process of heat transfer from the heatabsorbing plate to the air in the middle of the collector.
Fig. 2. Setting of thermosiphon collector on the roof
Air consumption, and therefore air speed, which is passing through the collector, is regulated by adjusting device.
Experimental studies
Meteorological parameters describing microclimate of premises are temperature, relative humidity and speed of the internal air. The simultaneous effect of these factors on human health must take into account when operating air heating. In particular, the presence of air motion in the room facilitates heat transfer from the human body and positively influences on the livelihoods of people. Microclimate parameters defined in the work zone, namely in the area of 0.15 m from the floor and 1.8 m in height and at a distance of not less than 0.15 m from the wall. According to Ukrainian standards [11] during the cold period for living rooms optimal values of the specified parameters are: internal air temperature should equal to the value out of range of 22.0 ± 2.0 °C and air motion velocity -0.1 -0.3 m/s.
Using of thermosiphon collector in air heating system allows support the allowable values of temperature and speed air indoors.
For the study of microclimate parameters that provides a thermosiphon collector the hermetic experimental module with volume of 10.8 m 3 , which imitated mansard living room was created (Fig. 3) .
The electric infrared heater was used to simulate solar thermal radiation; heat radiation intensity is varied in the experimental studies. , the angle of inclination of solar collector α are variables. The entire volume of the module was divided grid 30x30 cm for accuracy of measurements. The temperature of the internal air volume of the module, the velocity of the internal air in the volume of the module, the temperature and air velocity in the inlet and outlet of the solar collector, the intensity of the infrared heater radiation, temperature of heat-absorbing plate and temperature of glass surface of collector were determined during the experimental research. Measuring these quantities was carried out by such devices: pyranometer 3, [12] thermometer 4 and pyrometer 5. Number of measurements is determined according to the planning experiment matrix. The results determine the internal air temperature in the experimental module are presented in the form of isotherms and are shown in Fig. 5 . As it is shown in Fig. 5 , with increasing radiation intensity infrared heater increases the temperature of inside air in the module. In addition, the temperature distribution in the module is quite uneven, and the numerical values of the temperature are less than the standardized values of inside air temperature for the cold season.
Two part experiments were conducted for determination the impact of spiral turbo baffles on the value of air velocity in the experimental modules. In the first part (Fig. 6 ) studies thermosiphon collector without spiral turbo baffles were carried out, the second part of the experiments shows the change in value of the air velocity in the presence of spiral turbo baffles in the collector (Fig. 7) .
The velocity of the air in the experimental module was determined at different values of the thermal radiation intensity, area of holes solar collector and angle of collector installation. Fields velocities of internal air in experimental module without spiral turbo baffles are presented in Fig. 6 . As it is shown in Fig. 6 , the intensity of thermal radiation that enters the collector and angle setting solar collector greatly affect the value and distribution of velocity inside air into the room. To ensure air movement in large volume of experimental module advisable thermosiphon collector set at an angle of 90 o . In Fig. 7 there is presented the velocity fields of internal air in the experimental module in the presence of spiral turbo baffles in the solar collector. As it is shown in Fig. 6 and in Fig. 7 , the value of speed of internal air in the module is fairly small and do not exceed the standardized values. The area of input and output holes of collector have the greatest influence on the velocity of the jet of heated air. By increasing the area of holes from 0.02 to 0.06 m 2 the value of jet speed is increasing by 20% for all other constant parameters. In addition, installation of spiral turbo baffles increases the thermal power of thermosiphon collector on 15%, and the speed of warm air -17%.
Technical characteristics of the instruments, which were carried out measurements in research:
• Heat-loss anemometer АТТ-1004: the range of speed measurement 0.2-20 m/s, the resolution 0.1 m/s, the accuracy ±(0.2-0.05) V, the range of temperature measurement 0-50°С; the measurement accuracy 0.1°С; • Pyrometer Nimbys-530/1: the range of measurement (-32)-(+530)°С, the resolution 0.1°С, the accuracy ±1°С; • Pyranometer M-80 m: the absolute uncertainty of measurement ±20 W/m 2 , the fractional minimum accuracy 0.2%, the fractional maximum accuracy 0.37%.
Conclusion
As studies have shown, the thermal energy, that a thermosiphon solar collector can give, are enough for maintain the parameters of the microclimate in the premises. In cold season, the thermosiphon solar collector must use in combination with other heating systems. Therefore, passive houses should use the combined heating supplies system, including using thermosiphon solar collectors for provide thermal comfort. The obtained results can be used in the design of heating and ventilation systems of buildings with mansard
